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1
MOTOR VEHICLE NOISE MANAGEMENT

FIELD

This disclosure relates to the management of noise in a
motor vehicle.

BACKGROUND

Many motor vehicles include hands-free mobile telephone
systems that are enabled to receive and transmit mobile tele-
phone calls using microphones and loudspeakers in the
vehicle cabin along with appropriate user controls. Motor
vehicles may also include active sound management systems
to alter engine-related sounds in the vehicle cabin. These
systems can be used to reduce or cancel powertrain sounds
(e.g., engine harmonics) and/or enhance engine harmonics.

SUMMARY

Active sound management (ASM) systems for motor
vehicles are used to manage powertrain-related sounds. One
type of ASM system is an engine harmonic cancellation
(EHC) system that uses the vehicle’s audio system to produce
a signal that is acoustically opposite to undesirable engine
sounds in order to reduce such sounds. Another type of ASM
system is an engine harmonic enhancement (EHE) system
that uses information from the engine and the vehicle to
generate signals that enhance or modify the spectrum of
select powertrain sounds, e.g., to provide smooth or sporty
powertrain sounds inside the cabin. In the present disclosure,
a controller (which is typically but not necessarily part of the
audio head unit) is configured such that when a mobile tele-
phone call is being made or received the subject controller
commands the existing motor vehicle ASM system controller
to cause operation of in-cabin transducers such that the level
of powertrain-related sounds in the cabin is reduced. This
quiets the cabin and so makes the telephone call easier to
conduct. When the subject controller is used along with an
EHC system, the controller can be configured to turn on the
EHC system when a phone call is initiated or received. Or, the
controller can be configured to change the cancellation target
of'an active EHC system when a call is initiated or received,
so as to reduce the noise. This noise reduction can in some
cases be limited to a focal seating position. When the subject
controller is used along with an EHE system, when a tele-
phone call is initiated or received the subject controller is
configured to turn off the EHE system or reduce the level of
sound put out by the EHE system.

This disclosure features a device that is configured to con-
trol the operation of a motor vehicle cabin active sound man-
agement (ASM) system that uses an ASM controller to con-
trol operation of one or more sound transducers that transmit
audio signals in the cabin so as to alter vehicle powertrain-
related sounds in the cabin, wherein the motor vehicle further
comprises a mobile telephone system that is configured to
receive incoming mobile telephone calls and transmit outgo-
ing mobile telephone calls. The device can include a control-
ler that is configured to receive from the mobile telephone
system an indication that a mobile telephone call is incoming
or an outgoing call is being initiated. After receiving the
indication the subject controller commands the ASM control-
ler to cause operation of one or more sound transducers such
that the level of vehicle powertrain-related sounds in the cabin
is reduced.

The subject controller can be part of a motor vehicle audio
head unit. The ASM system can be used to reduce engine
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harmonics sounds in the cabin, and the subject controller can
be configured to command the ASM controller to cause the
sound transducers to reduce engine harmonics sounds in the
cabin. The subject controller can also be configured to receive
an indication that a user desires to quiet the cabin and in
response command the ASM controller to cause the sound
transducers to reduce engine harmonics sounds in the cabin.
The indication that a user desires to quiet the cabin can ema-
nate from a user-controlled switch. The ASM system can be
responsive to an engine control system that provides to the
ASM system an input signal that is related to a rotation of the
engine. As one non-limiting example the input signal can be
related to the engine revolutions per minute (RPM).

In cases where the motor vehicle cabin has a plurality of
seating locations the controller can be configured to com-
mand the ASM controller to cause the sound transducers to
reduce engine harmonics sounds at one such seating location,
which can be but need not be the driver’s seat. The ASM
system may be used to enhance engine harmonics sounds in
the cabin, and the subject controller may be configured to
command the ASM controller to cause the sound transducers
to reduce or eliminate enhanced engine harmonics sounds.

The disclosure also features a method for controlling the
operation of a motor vehicle cabin active sound management
(ASM) system that uses an ASM controller to control opera-
tion of one or more sound transducers that transmit audio
signals in the cabin so as to alter vehicle powertrain-related
sounds in the cabin, wherein the motor vehicle further com-
prises a mobile telephone system that is configured to receive
incoming mobile telephone calls and transmit outgoing
mobile telephone calls. The method contemplates receiving
from the mobile telephone system an indication that a mobile
telephone call is incoming or an outgoing call is being initi-
ated. After receiving the indication, the ASM controller is
commanded to cause operation of one or more sound trans-
ducers such that the level of vehicle powertrain-related
sounds in the cabin is reduced.

The subject controller can be part of a motor vehicle audio
head unit. The ASM system can be used to reduce engine
harmonics sounds in the cabin, and the ASM controller can be
commanded to cause the sound transducers to reduce engine
harmonics sounds in the cabin. The method can include
receiving an indication that a user desires to quiet the cabin
and in response commanding the ASM controller to cause the
sound transducers to reduce engine harmonics sounds in the
cabin. The indication that a user desires to quiet the cabin can
emanate from a user-controlled switch. The ASM system may
be responsive to an engine control system that provides to the
ASM system an input signal that is related to a rotation of the
engine. As a non-limiting example the input signal may be
related to the engine revolutions per minute (RPM).

Insituations where the motor vehicle cabin has a number of
seating locations the ASM controller can be commanded to
cause the sound transducers to reduce engine harmonics
sounds at one such seating location. The one seating location
may be but need not be the driver’s seat. The ASM system can
be used to enhance engine harmonics sounds in the cabin, in
which case the ASM controller can be commanded to cause
the sound transducers to reduce or eliminate the engine har-
monics sound enhancement.

BRIEF DESCRIPTION OF THE DRAWING

The drawing is a block diagram of an example of a system
that includes an example of the device disclosed herein.

DETAILED DESCRIPTION

Elements of the drawing are shown and described as dis-
crete elements in a block diagram. These may be imple-
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mented as one or more of analog circuitry or digital circuitry.
Alternatively, or additionally, they may be implemented with
one or more microprocessors executing software instructions.
The software instructions can include digital signal process-
ing instructions. Operations may be performed by analog
circuitry or by a microprocessor executing software that per-
forms the equivalent of the analog operation. Signal lines may
be implemented as discrete analog or digital signal lines, as a
discrete digital signal line with appropriate signal processing
that is able to process separate signals, and/or as elements of
a wireless communication system.

When processes are represented or implied in the block
diagram, the steps may be performed by one element or a
plurality of elements. The steps may be performed together or
at different times. The elements that perform the activities
may be physically the same or proximate one another, or may
be physically separate. One element may perform the actions
of' more than one block. Audio signals may be encoded or not,
and may be transmitted in either digital or analog form. Con-
ventional audio signal processing equipment and operations
are in some case omitted from the drawing.

The drawing is a block diagram of an example of a system
10 that includes an example of the device disclosed herein,
and accomplishes an example of the methods disclosed
herein. System 10 is part of a motor vehicle which includes a
motor vehicle cabin 30 that has sound transducers 32 and one
or more microphones 34. The sound transducers are typically
used, at least in part, for producing audio signals in cabin 30.
Either existing audio system sound transducers or dedicated
sound transducers can be used in system 10. The microphone
or microphones can be used to detect sound in the cabin; such
microphones can be used in an existing active sound manage-
ment (ASM) system and/or can be part of the existing mobile
telephone system 16, wherein they are located in motor
vehicle cabin 30 and used to pick up the voice of the person
using a hands-free telephone system. Mobile telephone sys-
tem 16 includes system controller 18 and transceiver 20 that
is operatively connected to transmitting and receiving
antenna 22.

ASM system 12 includes ASM controller 14. System 12
communicates with audio head unit 50 that has audio head
unit controller 52. System 12 also communicates with engine
control system 60; engine control system 60 is an existing
motor vehicle computer system that manages the operation of
the engine and transmission. System 60 reports relevant data
to system 12 that is useful to the vehicle’s EHC or EHE
system; such data may include, for example, RPM, throttle
position, torque, gear and cylinder/hybrid/electric opera-
tional mode. Such signals can be used (along with cabin
microphone signals) by an EHC system to generate engine
harmonics-cancelling audio signals as disclosed in U.S. Pat.
Nos. 8,194,873 and 8,280,073, the disclosures of which are
incorporated herein by reference. Such signals can also be
used by an EHE system to generate powertrain-enhancing
audio signals as disclosed in U.S. Pat. No. 8,320,581 and US
Patent Application Publication No. 20012/0177214, the dis-
closures of which are incorporated herein by reference.

Head unit controller 52 is typically the master device of a
MOST network that is present in the motor vehicle. Typically,
the MOST network uses a ring topology and synchronous
data communication to transport audio, video, voice and data
signals. The ring topology is not shown in the drawing but
could be used. The network could have other configurations
such as a star configuration, or could be enabled in manners
other than MOST as would be apparent to those skilled in the
field of automotive data networks.
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ASM system 12 typically uses ASM controller 14 to con-
trol operation of sound transducers 32 so as to alter vehicle
powertrain-related sounds in the cabin. The vehicle power-
train-related sounds are typically engine-related sounds and/
or transmission-related sounds. ASM system 12 can accom-
plish engine harmonic reduction or cancellation wherein
system 12 uses information from the engine (e.g., the engine
RPM), that is typically derived from engine control system
60, along with microphones 34 located in the cabin, and
continuously analyzes engine noise. System 12 then uses
controller 14 that commands the vehicle’s sound system to
produce a signal that is acoustically opposite to the undesir-
able sound. This signal is provided to sound transducers 32 to
effectively reduce the undesirable powertrain sounds. In the
case of engine harmonic enhancement, the powertrain-related
sounds are enhanced or altered so as to accomplish a desired
result such as enhancing or modifying the spectrum of select
powertrain sounds. For example, EHE can help create more
linear sounds while mitigating or masking sound anomalies.
EHE offers broad sound control.

Controller 52 is configured to receive from mobile tele-
phone system 16 an indication that a mobile telephone call is
incoming, or an indication that an outgoing call is being
initiated. This indication is preferably accomplished by con-
troller 18 communicating an appropriate signal to controller
52. After receipt of the indication that a call is incoming or
outgoing, controller 52 is configured to command ASM con-
troller 14 to cause operation of sound transducers 32 such that
the level of vehicle powertrain-related sounds in cabin 30 is
reduced. In this manner, controller 52 reduces powertrain-
related sounds in cabin 30 when a telephone call is incoming
or outgoing. The result is that the person making or receiving
the call has a quieter environment and thus is better able to
hear the call. Since the environment is quieter, there is also
less powertrain-related sound picked up by the microphone
that is configured to receive the user’s voice as part of a
mobile telephone call transmission; the call is thus clearer to
the recipient. Another result is that the vehicle sound system
is able to play back the telephone call at a lower volume,
which prevents the system from having to drive the transduc-
ers beyond their normal physical limitations. Distortion and
poor intelligibility are thus reduced or eliminated.

In a case where ASM system 12 is used as an EHC system,
controller 52 may be configured to command controller 14 to
enable sound transducers 32 so as to reduce or cancel pow-
ertrain-related sounds in the cabin. The result is that the EHC
system can be turned on during a telephone call. Alterna-
tively, when the motor vehicle EHC system is active by
default to a particular power train noise target, when a call is
initiated or received controller 52 can cause the transducers to
refocus the noise reduction scheme. As one non-limiting
example, during a call the EHC could be focused on a focal
seating position. Or, there could be one default EHC setting
for a normal driving condition, and a separate EHC setting
that is enabled during a telephone call.

In a case where ASM system 12 is used as an EHE system,
controller 52 may be configured to command controller 14 to
either disable sound transducers 32 from enhancing power-
train-related sounds in the cabin, or at least to reduce the
volume of enhancing sounds outputted by transducers 32.
These sounds are typically engine harmonic sounds but need
not be. The result is that the sound added by the EHE system
is turned off or reduced during a telephone call.

System 10 may also include user-activated switch 54 that
when activated sends a signal to controller 52. Switch 54 can
be used when the user desires to quiet the cabin. Typically,
this switch would cause controller 52 to either turn onan EHC
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system that reduces powertrain-related sounds in the cabin, or
the switch may be used to fully turn off or at least reduce the
audio output associated with an EHE system, both as
described elsewhere herein. Switch 54 could alternatively or
additionally be a telephone system switch that the user
pushed or otherwise activated so as to send or receive amobile
telephone call, and which then enables controller 52 to reduce
in-cabin powertrain sounds as described herein.

System 10 could be designed to reduce powertrain-related
sounds at one or more desired or focal locations in vehicle
cabin 30. The location could be the vehicle location that is
designed for the presumed user of mobile telephone system
16. This may commonly be the driver’s position, or in the case
of a livery vehicle the VIP position which is usually in a rear
seat. Alternatively, the powertrain active sound management
system can be enabled to reduce powertrain-related sounds at
more than one seat location, or the entire motor vehicle cabin.

The various features of the disclosure could be enabled in
different manners than those described herein, and could be
combined in manners other than those described herein.

What is claimed is:

1. A method for controlling the operation of a motor
vehicle noise management system, where the system com-
prises a motor vehicle cabin active sound management
(ASM) system that uses an ASM controller to control the
emission of sound from of one or more sound transducers that
transmit audio signals in the cabin so as to alter vehicle
powertrain-related sounds in the cabin, a mobile telephone
system that is configured to receive incoming mobile tele-
phone calls and transmit outgoing mobile telephone calls, and
an audio head unit that is configured to command the ASM to
cause the sound transducers to emit sound, the method com-
prising:

receiving, by the audio head unit, from the mobile tele-

phone system, an indication that an outgoing mobile
telephone call is being initiated; and

in response receiving, by the ASM system, a command

from the audio head unit, the command causing the ASM
controller to cause one or more of the sound transducers
to begin to emit sound that reduces the level of vehicle
powertrain-related sounds in the cabin.

2. The method of claim 1 wherein the audio head unit
comprises a controller that issues the command that is
received by the ASM system.

3. The method of claim 2 wherein the ASM system is used
to enhance engine harmonics sounds in the cabin, and
wherein the audio head unit controller is configured to com-
mand the ASM controller to disable the sound transducers
from emitting sound that enhances engine harmonics sounds
in the cabin.

4. The method of claim 1 wherein the ASM system is used
to reduce engine harmonics sounds in the cabin, and wherein
the ASM controller is commanded to cause the sound trans-
ducers to emit sound so as to reduce engine harmonics sounds
in the cabin.

5. The method of claim 4 further comprising receiving, by
the audio head unit, an indication that a user desires to quiet
the cabin, and in response using the audio head unit to com-
mand the ASM controller to cause the sound transducers to
emit sound so as to reduce engine harmonics sounds in the
cabin.

6. The method of claim 5 wherein the indication that a user
desires to quiet the cabin emanates from a user-controlled
switch that is functionally coupled to the audio head unit.
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7. The method of claim 4 wherein the ASM system is
responsive to an engine control system that provides to the
ASM system an input signal that is related to a rotation of the
engine.

8. The method of claim 7 wherein the input signal is related
to the engine revolutions per minute (RPM).

9. The method of claim 4 wherein the cabin has a plurality
of'seating locations and the ASM controller is commanded to
cause the sound transducers to emit sound so as to reduce
engine harmonics sounds at one such seating location.

10. The method of claim 9 wherein the one seating location
is the driver’s seat.

11. A system that controls the operation of one or more
motor vehicle sound transducers that transmit audio signals in
amotor vehicle cabin so as to alter vehicle powertrain-related
sounds in the cabin, wherein the motor vehicle further com-
prises a mobile telephone system that is configured to receive
incoming mobile telephone calls and transmit outgoing
mobile telephone calls, and an audio head unit that is config-
ured to command the ASM to cause the sound transducers to
emit sound, the system comprising:

an audio head unit controller that is configured to receive

from the mobile telephone system an indication that an
outgoing mobile telephone call is being initiated; and

a motor vehicle cabin active sound management (ASM)

system with an ASM controller that controls operation
of the transducers so as to emit sound;

wherein after receiving the indication that an outgoing

mobile telephone call being initiated, the audio head unit
controller commands the ASM controller to cause one or
more ofthe sound transducers to begin to emit sound that
reduces the level of vehicle powertrain-related sounds in
the cabin.

12. The system of claim 11 wherein the ASM system is
used to reduce engine harmonics sounds in the cabin, and
wherein the audio head unit controller is configured to com-
mand the ASM controller to cause the sound transducers to
emit sound so as to reduce engine harmonics sounds in the
cabin.

13. The system of claim 12 wherein the audio head unit
controller is further configured to receive an indication that a
user desires to quiet the cabin, and in response command the
ASM controller to cause the sound transducers to emit sound
s0 as to reduce engine harmonics sounds in the cabin.

14. The system of claim 13 further comprising a user-
controlled switch that is operable so as to indicate that a user
desires to quiet the cabin.

15. The system of claim 12 wherein the ASM system is
responsive to an engine control system that provides to the
ASM system an input signal that is related to a rotation of the
engine.

16. The system of claim 15 wherein the input signal is
related to the engine revolutions per minute (RPM).

17. The system of claim 12 wherein the cabin has a plural-
ity of seating locations and the audio head unit controller is
configured to command the ASM controller to cause the
sound transducers to emit sound so as to reduce engine har-
monics sounds at one such seating location.

18. The system of claim 17 wherein the one seating loca-
tion is the driver’s seat.

19. The system of claim 11 wherein the ASM system is
used to enhance engine harmonics sounds in the cabin, and
wherein the audio head unit controller is configured to com-
mand the ASM controller to disable the sound transducers
from emitting sound so as to enhancing engine harmonics
sounds in the cabin.



